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METHOD AND APPARATUS FOR
ESTIMATING TEMPERATURE OF TEST
POINT IN SPACE WITH AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 98136683, filed on Oct. 29, 2009. The
entirety of the above-mentioned patent application 1s hereby
incorporated by reference herein and made a part of specifi-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for estimating a
temperature. More particularly, the present invention relates
to a method for estimating a temperature of a place where a

sensor device can not be easily deployed, and applications
thereof.

2. Description of Related Art

With shortages of petroleum, electric power and other
nature resources, energy crisis has become an 1ssue that the
whole world has to face to. In an energy crisis era, besides
secking more alternative energies, to effectively use existing
resources and avoid wasting are very important approaches to
deal with such crisis.

A concept of construction energy saving 1s to reduce an
amount of energy dissipation according to appearance and
internal designs of a construction, so as to improve an energy
usage elficiency of the construction. In a general construc-
tion, air conditioning and an 1llumination system may con-
sume a lotof energy. Therefore, 1n a green construction design
based on the construction energy saving concept, a plurality
ol sensors are deployed to obtain environment information,
so as to adjust the air conditioming and the i1llumination sys-
tem according to environment states, and to achieve a purpose
of power-saving.

However, considering user’s habits and space aesthetics,
the sensors are generally deployed on walls or underneath
ceilings. Therefore, deployment positions of the sensors are
quite different to actual activity positions of the user 1n the
space. According to statistics, there are two degrees of tem-
perature difference between the ceiling and a desktop under
it. Therefore, when an air conditioming system 1s adjusted
according to an obtained value of the sensor deployed on the
ceiling, the user may feel excessive hot or cold due to that the
sensor 1s unable to retlect an actual feeling of the user, and the
air conditioning system 1s liable to consume excessive unnec-
essary power.

SUMMARY OF THE INVENTION

The present invention 1s directed to a method for estimating,
a temperature, by which a temperature of a test point 1n a
space can be estimated by using a sensor device deployed at
another place.

The present invention 1s directed to a temperature estimat-
ing apparatus, which can be applied 1n various environments
to estimate a temperature of a test point.

The present invention provides a method for estimating a
temperature to estimate a temperature of a test point in a space
with air conditioning. In the present method, a first sensor
device and a second sensor device are deployed in the space,
wherein the second sensor device 1s deployed at the test point.
Then, a plurality of state parameters are calculated and a
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plurality of temperature transformation functions are estab-
lished according to a plurality of previous temperatures
detected by the first and the second sensor devices and a
previous state of an air conditioner during a predetermined
time period. After the second sensor device 1s removed, a
current state of the air conditioner 1s determined according to
a plurality of reference temperatures newly detected by the
first sensor device and the state parameters. Then, one of the
temperature transformation functions 1s selected according to
the current state, and a current temperature of the test point 1s
estimated by using the selected temperature transformation
function and the reference temperatures.

In an embodiment of the present invention, the step of
calculating the state parameters includes the following steps.
First, the temperatures detected when the previous state of the
air conditioner 1s a running state are obtained from the previ-
ous temperatures to calculate a running temperature average
and a running temperature standard deviation. Next, the tem-
peratures detected when the previous state of the air condi-
tioner 1s a closing state are obtained from the previous tem-
peratures to calculate a closing temperature average and a
closing temperature standard deviation. Next, one of the run-
ning temperature average and the closing temperature aver-
age 1s defined as a temperature high standard, and another one
1s defined as a temperature low standard. The runming tem-
perature standard deviation, the closing temperature standard
deviation, the temperature high standard and the temperature
low standard serve as four of the state parameters.

In an embodiment of the present invention, the step of
calculating the state parameters further includes the follow-
ing steps. First, the temperatures detected when the previous
state of the air conditioner 1s a closing transition state are
obtained from the previous temperatures to calculate a first
temperature variation rate. Next, the temperatures detected
when the previous state of the air conditioner 1s a runmng
transition state are obtained from the previous temperatures to
calculate a second temperature variation rate. Next, the first
temperature variation rate and the second temperature varia-
tion rate serve as two of the state parameters.

In an embodiment of the present invention, the step of
establishing the temperature transformation Jfunctions
includes the following steps. First, a function model of the
temperature transformation functions 1s defined. Next, corre-
sponding relationships respectively between the temperature
transformation functions and the running state, the closing
state, the closing transition state and the running transition
state are set. Next, the temperatures detected when the air
conditioner 1s in the running state are obtained from the
previous temperatures, and are input to the function model to
establish the temperature transformation function corre-
sponding to the running state. Next, the temperatures detected
when the air conditioner 1s 1n the closing state are obtained
from the previous temperatures, and are input to the function
model to establish the temperature transformation function
corresponding to the closing state. Next, the temperatures
detected when the air conditioner 1s 1n the closing transition
state are obtained from the previous temperatures, and are
input to the function model to establish the temperature trans-
formation function corresponding to the closing transition
state. Next, the temperatures detected when the air condi-
tioner 1s 1n the runmng transition state are obtained from the
previous temperatures, and are input to the function model to
establish the temperature transformation function corre-
sponding to the running transition state.

In an embodiment of the present invention, the step of
determining the current state of the air conditioner includes
determining an imtial state according to the reference tem-
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peratures, the temperature high standard, the temperature low
standard, the running temperature standard deviation and the
closing temperature standard deviation, and determining the
current state according to the 1nitial state, the reference tem-
peratures, the first temperature variation rate and the second
temperature variation rate.

In an embodiment of the present invention, the step of
determining the initial state includes the following steps.
First, a reference average and a reference standard deviation
are calculated according to the reference temperatures. Next,
il the reference average 1s greater than the temperature high
standard, the initial state 1s determined to be the closing state
when the temperature high standard 1s equal to the closing
temperature average, and the 1nitial state 1s determined to be
the running state when the temperature high standard 1s equal
to the running temperature average. Next, 1f the reference
average 1s less than or equal to the temperature low standard,
the 1mitial state 1s determined to be the running state when the
temperature low standard 1s equal to the running temperature
average, and the 1mitial state 1s determined to be the closing
state when the temperature low standard 1s equal to the clos-
ing temperature average. However, 11 the reference average 1s
between the temperature high standard and the temperature
low standard, the 1nitial state 1s determined to be the closing
state when the reference standard deviation 1s closed to the
closing temperature standard deviation, and the initial state 1s
determined to be the running state when the reference stan-
dard deviation 1s closed to the running temperature standard
deviation.

In an embodiment of the present invention, before the step
of determiming the current state, the method further includes
the following steps. First, a reference variation rate 1s calcu-
lated according to the reference temperatures. Next, a {irst
condition that the reference variation rate 1s greater than the
first temperature variation rate and the first temperature varia-
tion rate 1s greater than 0 1s defined. Next, a second condition
that the reference vanation rate 1s greater than the second
temperature variation rate and the second temperature varia-
tion rate 1s greater than O 1s defined. The step of determining,
the current state includes following steps. First, when the
initial state or the current state i1s the running state, it 1s
determined whether the first condition 1s satisfied, and 11 the
first condition 1s not satisfied, the current state 1s determined
to be maintained to the running state, and 1 the first condition
1s satisiied, the current state 1s determined to enter the closing
transition state. Next, when the 1nitial state or the current state
1s the closing state, 1t 1s determined whether the second con-
dition 1s satisfied, and 1f the second condition 1s not satisfied,
the current state 1s determined to be maintained to the closing,
state, and 1f the second condition 1s satisfied, the current state
1s determined to enter the runming transition state. Next, when
the current state 1s the closing transition state, it 1s determined
whether the first condition 1s satisfied, and 1f the first condi-
tion 1s satisfied, the current state 1s determined to be main-
tained to the closing transition state, and 11 the first condition
1s not satisfied, the current state 1s determined to enter the
closing state. Next, when the current state i1s the running
transition state, it 1s determined whether the second condition
1s satisfied, and 1f the second condition 1s satisfied, the current
state 1s determined to be maintained to the running transition
state, and 1t the second condition 1s not satisfied, the current
state 1s determined to enter the running state.

In an embodiment of the present invention, the step of
selecting one of the temperature transformation functions
according to the current state includes selecting the tempera-
ture transformation function corresponding to the current
state according to the corresponding relationships respec-
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tively between the temperature transformation functions and
the running state, the closing state, the closing transition state
and the running transition state.

In an embodiment of the present invention, the step of
estimating the current temperature of the test point according
to the selected temperature transformation function and the
reference temperatures includes mputting a latest reference
temperature ol the reference temperatures to the selected
temperature transformation function to obtain the current
temperature.

In an embodiment of the present mmvention, the second
sensor device icludes one or a plurality of sensors.

The present invention provides a temperature estimating,
apparatus including a learning module and an estimating
module coupled to the learning module. The learning module
calculates a plurality of state parameters and establishes a
plurality of temperature transformation functions according
to a plurality of previous temperatures detected by a first and
a second sensor devices deployed 1n a space and a previous
state ol an air conditioner during a predetermined time period,
wherein the second sensor device 1s deployed at a test point in
the space. After the second sensor device 1s removed from the
space, the estimating module determines a current state of the
air conditioner according to a plurality of reference tempera-
tures newly detected by the first sensor device and the state
parameters, and selects one of the temperature transformation
functions according to the current state, and estimates a cur-
rent temperature of the test point according to the selected
temperature transformation function and the reference tem-
peratures.

In an embodiment of the present invention, the learning
module obtains the temperatures detected when the previous
state of the air conditioner 1s a running state from the previous
temperatures to calculate a running temperature average and
a running temperature standard deviation. The learning mod-
ule further obtains the temperatures detected when the previ-
ous state of the air conditioner 1s a closing state from the
previous temperatures to calculate a closing temperature
average and a closing temperature standard deviation. The
learning module defines one of the running temperature aver-
age and the closing temperature average as a temperature high
standard, and defines another one as a temperature low stan-
dard, and takes the running temperature standard deviation,
the closing temperature standard deviation, the temperature
high standard and the temperature low standard as four of the
state parameters.

In an embodiment of the present invention, the learning
module obtains the temperatures detected when the previous
state ol the air conditioner 1s a closing transition state from the
previous temperatures to calculate a first temperature varia-
tion rate, and obtains the temperatures detected when the
previous state of the air conditioner 1s a running transition
state from the previous temperatures to calculate a second
temperature variation rate. The learning module takes the first
temperature variation rate and the second temperature varia-
tion rate as two of the state parameters.

In an embodiment of the present invention, the learning
module defines a function model of the temperature transior-
mation functions, and sets corresponding relationships
respectively between the temperature transformation func-
tions and the running state, the closing state, the closing
transition state and the running transition state. The learming,
module obtains the temperatures detected when the air con-
ditioner 1s 1n the running state from the previous tempera-
tures, and 1puts the temperatures to the function model to
establish the temperature transformation function corre-
sponding to the running state. The learning module obtains
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the temperatures detected when the air conditioner is in the
closing state from the previous temperatures, and inputs the
temperatures to the function model to establish the tempera-
ture transformation function corresponding to the closing
state. The learning module obtains the temperatures detected
when the air conditioner 1s 1n the closing transition state from
the previous temperatures, and imnputs the temperatures to the
function model to establish the temperature transformation
function corresponding to the closing transition state. The
learning module obtains the temperatures detected when the
air conditioner 1s 1n the runmng transition state from the
previous temperatures, and inputs the temperatures to the
function model to establish the temperature transformation
function corresponding to the running transition state.

In an embodiment of the present invention, the estimating,
module determines an 1nitial state according to the reference
temperatures, the temperature high standard, the temperature
low standard, the running temperature standard deviation and
the closing temperature standard deviation, and determines
the current state according to the mnitial state, the reference
temperatures, the first temperature variation rate and the sec-
ond temperature variation rate.

In an embodiment of the present invention, the estimating
module calculates a reference average and a reference stan-
dard deviation according to the reference temperatures. If the
reference average 1s greater than the temperature high stan-
dard, the estimating module determines that the initial state 1s
the closing state when the temperature high standard 1s equal
to the closing temperature average, and determines that the
initial state 1s the running state when the temperature high
standard 1s equal to the running temperature average. It the
reference average 1s less than or equal to the temperature low
standard, the estimating module determines that the initial
state 1s the running state when the temperature low standard 1s
equal to the running temperature average, and determines that
the 1nitial state 1s the closing state when the temperature low
standard 1s equal to the closing temperature average. If the
reference average 1s between the temperature high standard
and the temperature low standard, the estimating module
determines that the 1nitial state 1s the closing state when the
reference standard deviation 1s closed to the closing tempera-
ture standard deviation, and determines that the 1nitial state 1s
the running state when the reference standard deviation 1s
closed to the running temperature standard deviation.

In an embodiment of the present invention, the estimating
module calculates a reference variation rate according to the
reference temperatures, and defines a first condition that the
reference variation rate 1s greater than the first temperature
variation rate and the first temperature variation rate 1s greater
than 0, and further defines a second condition that the refer-
ence variation rate 1s greater than the second temperature
variation rate and the second temperature variation rate 1s
greater than 0. When the 1ni1tial state or the current state 1s the
running state, the estimating module determines whether the
first condition 1s satisfied, and further determines that the
current state 1s maintained to the running state if the first
condition 1s not satisfied, and determines that the current state
enters the closing transition state 11 the first condition 1s sat-
1sfied. When the 1nitial state or the current state 1s the closing
state, the estimating module determines whether the second
condition 1s satisfied, and further determines that the current
state 1s maintained to the closing state 11 the second condition
1s not satisfied, and determines that the current state enters the
running transition state 1f the second condition 1s satisfied.
When the current state 1s the closing transition state, the
estimating module determines whether the first condition 1s
satisfied, and further determines that the current state 1s main-
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tained to the closing transition state 1f the first condition 1s
satisfied, and determines that the current state enters the clos-
ing state 1f the first condition 1s not satisfied. When the current
state 1s the running transition state, the estimating module
determines whether the second condition 1s satisfied, and
further determines that the current state 1s maintained to the
running transition state 1f the second condition 1s satisfied,
and determines that the current state enters the running state
if the second condition 1s not satisfied.

In an embodiment of the present invention, the estimating
module selects the temperature transformation function cor-
responding to the current state according to the corresponding
relationships respectively between the temperature transior-
mation functions and the running state, the closing state, the
closing transition state and the running transition state.

In an embodiment of the present invention, the estimating,
module 1inputs a latest reference temperature of the reference
temperatures to the selected temperature transformation
function to obtain the current temperature.

In an embodiment of the present invention, the second
sensor device includes one or a plurality of sensors.

According to the above descriptions, in the present mnven-
tion, the operation of estimating the temperature 1s divided
into a learning stage and an actual estimating stage. In the
learning stage, a plurality of the temperature transformation
functions 1s established according to correlations of reading
values of the two sensor devices and the state of the air
conditioner. In the actual estimating stage, only the informa-
tion provided by one sensor device 1s required to determine
the state of the air conditioner, and a suitable temperature
transformation function 1s correspondingly selected to esti-
mate the current temperature of the test point.

In order to make the aforementioned and other features and
advantages of the present invention comprehensible, several
exemplary embodiments accompanied with figures are
described 1n detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the ivention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the imnvention.

FIG. 1 1s a block diagram illustrating a temperature esti-
mating apparatus according to an embodiment of the present
ivention.

FIG. 2 1s a schematic diagram 1illustrating temperatures
respectively detected by two sensor devices under various
states of an air conditioner according to an embodiment of the
present invention.

FIG. 3 1s a flowchart 1llustrating a method for estimating a
temperature according to an embodiment of the present
invention.

FIG. 4 15 a flowchart illustrating a method for determining
an 1nitial state according to an embodiment of the present
invention.

FIG. 5 1s a state transfer diagram of a current state accord-
ing to an embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 1s a block diagram illustrating a temperature esti-
mating apparatus according to an embodiment of the present
invention. Referring to FIG. 1, the temperature estimating
apparatus 100 1s used for estimating a temperature of a certain
test point 1n a space with an air conditioner. The space can be
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an 1ndoor space or an open space, which 1s not limited by the
present invention. The air conditioner can be an air-cooling
device or a heater. For simplicity’s sake, the air conditioner 1s
assumed to the air-cooling device.

As that shown 1n FIG. 1, the temperature estimating appa-
ratus 100 includes a learning module 110 and an estimating
module 120 coupled to the learning module 110. The learming,
module 110 and the estimating module 120 are, for example,
hardware devices (for example, chip sets) or software com-
ponents computing and processing, or a combination of a
hardware device and a software component.

In the present embodiment, a first sensor device 1s deployed
at a specific position in the space, and a second sensor device
(which may include one or a plurality of sensors) 1s deployed
at the test point. Since the temperatures respectively detected
by the first sensor device and the second sensor device may
have different corresponding relations under different states
of the air conditioner (shown 1n FIG. 2), the learning module
110 can define a plurality of state parameters and a plurality of
temperature transformation functions according to a plurality
of previous temperatures detected by the first and the second
sensor devices and a corresponding previous state of the air
conditioner during a predetermined time period. It should be
noticed that the predetermined time period can be a relatively
long time period (for example, one day), and the learning
module 110 can obtain a plurality of reading values of the first
sensor device and the second sensor device 1n case that the air
conditioner 1s actually operated. Moreover, during a rela-
tively short time period (for example, 3 hours), the air condi-
tioner can be manually adjusted to various states, and the
learning module 110 can obtain a plurality of reading values
ol the first sensor device and the second sensor device within
the relatively short time period.

After the second sensor device 1s removed from the space,
and only the first sensor device 1s remained, the temperature
of the test point cannot be directly detected through the sec-
ond sensor device. Now, the estimating module 120 deter-
mines a current state of the air conditioner according to tem-
perature information provided by the first sensor device and
the state parameters generated by the learning module 110, so
as to select a corresponding temperature transformation func-
tion. Then, the temperature information provided by the first
sensor device 1s input to the selected temperature transforma-
tion function to estimate a current temperature of the test
point.

Another embodiment is provided below to further describe
a detailed operation flow of the temperature estimating appa-
ratus 100. FIG. 3 1s a flowchart illustrating a method for
estimating a temperature according to an embodiment of the
present invention. The present embodiment 1s described with
retference of FIG. 1 and FIG. 3.

First, in step 310, the first sensor device and the second
sensor device are deployed in the space, wherein the first
sensor device 1s, for example, deployed on a ceiling 1n the
space, and the second sensor device 1s deployed at the test
point. In the present embodiment, the test point can be a
desktop or other positions representing an activity range of a
user.

Next, i step 320, the learning module 110 calculates a
plurality of the state parameters and establishes a plurality of
the temperature transformation functions according to a plu-
rality of previous temperatures detected by the first and the
second sensor devices and a previous state of the air condi-
tioner during the predetermined time period.

In detail, since the air conditioner 1s cycled among a clos-
ing state, a running transition state, a running state and a
closing transition state, the learning module 110 obtains the
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temperatures detected by the first and the second sensor
devices when the previous state of the air conditioner 1s the
running state from the previous temperatures detected during,
the predetermined time period, so as to calculate a running
temperature average and a running temperature standard
deviation.

The learnming module 110 also obtains the temperatures
detected by the first and the second sensor devices when the
previous state of the air conditioner 1s the closing state from
the previous temperatures detected during the predetermined
time period, so as to calculate a closing temperature average
and a closing temperature standard deviation.

In the present embodiment, the learning module 110
defines one of the running temperature average and the clos-

ing temperature average as a temperature high standard, and
defines another one as a temperature low standard. For
example, the learning module 110 first compares the running
temperature average and the closing temperature average, and
then defines a greater one of the running temperature average
and the closing temperature average as the temperature high
standard, and defines a smaller one as the temperature low
standard.

Moreover, the learning module 110 obtains the tempera-
tures detected when the previous state of the air conditioner 1s
the closing transition state from the previous temperatures
detected during the predetermined time period, so as to cal-
culate a first temperature variation rate. The learning module
110 also obtains the temperatures detected when the previous
state of the air conditioner 1s the running transition state from
the previous temperatures, so as to calculate a second tem-
perature variation rate. For example, the first temperature
variation rate and the second temperature variation rate are
calculated according to a following equation:

max(7) — mun(7T)
N

Where, max(T) represents a maximum value of the previ-
ous temperatures detected during a time period, min(T) rep-
resents a minimum value of the previous temperatures
detected during such time period, and N represents a number
of the previous temperatures detected during such time
period. Though, the above equation 1s only an example, which
1s not used to limit the present invention.

In the present embodiment, the learning module 110 takes
the calculated running temperature standard deviation, the
closing temperature standard deviation, the temperature high
standard, the temperature low standard, the first temperature
variation rate and the second temperature variation rate as the
state parameters.

To establish the temperature transformation functions, the
learning module 110 first defines a function model of the
temperature transtormation functions. The function model 1s,
for example, a quadratic regression equation or a weighted
average equation, etc. Then, the learming module 110 sets
corresponding relationships respectively between the tem-
perature transformation functions and the running state, the
closing state, the closing transition state and the running
transition state. Namely, 1n the present embodiment, the
learning module 110 sets four temperature transformation
functions respectively corresponding to the running state, the
closing state, the closing transition state and the running
transition state of the air conditioner.

The learning module 110 obtains the temperatures detected
when the air conditioner 1s 1n the running state from the

-
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previous temperatures, and inputs the temperatures to the
function model to establish the temperature transformation
function corresponding to the running state. Moreover, the
learning module 110 also obtains the temperatures detected
when the air conditioner 1s 1n the closing state from the
previous temperatures, and inputs the temperatures to the
tfunction model to establish the temperature transformation
function corresponding to the closing state. The learning
module 110 also obtains the temperatures detected when the
air conditioner 1s 1n the closing transition state from the pre-
vious temperatures, and inputs the temperatures to the func-
tion model to establish the temperature transformation func-
tion corresponding to the closing transition state. Moreover,
the learning module 110 obtains the temperatures detected
when the air conditioner 1s in the running transition state from
the previous temperatures, and imnputs the temperatures to the
function model to establish the temperature transformation
function corresponding to the running transition state.

The function model defined by the learning module 110 1s,
for example, a following quadratic equation:

2
+bx T, +C

1 =axT1

Fop

Where, T, and T ;respectively represent the temperatures
detected by the first sensor device and the second sensor
device, and a, b and ¢ are coetlicients of the equation. For
example, when the learning module 110 establishes the tem-
perature transformation function corresponding to the run-
ning state, the learning module 110 first obtains a plurality of
the previous temperatures detected by the first and the second
sensor devices under the running state. Then, the learning
module 110 obtains the values of the coefficients a, b and ¢
from the above previous temperatures according to a linear
regression approach. After the coellicients a, b and ¢ are input
to the quadratic equation, the temperature transiformation
function corresponding to the running state is established.
Since establishments of the temperature transformation func-
tions of the other three states are the same or similar to the
above example, so that detailed descriptions thereof are not
repeated.

Next, in step 330, the second sensor device originally
deployed at the test point 1s removed from the space, and only
the first sensor device 1s remained. Now, the temperature
estimating apparatus 100 can only receive the temperature
information detected by the first sensor device.

Next, when the temperature of the test point 1s estimated, 1n
step 340, the estimating module 120 determines a current
state of the air conditioner according to a plurality of refer-
ence temperatures newly detected by the first sensor device
and the state parameters calculated by the learning module
110. In the present embodiment, the estimating module 120
first determines an initial state according to the reference
temperatures, the temperature high standard, the temperature
low standard, the running temperature standard deviation and
the closing temperature standard deviation, and then deter-
mines the current state of the air conditioner according to the
initial state, the reference temperatures, the first temperature
variation rate and the second temperature variation rate.

In detail, since the time for the operated air conditioner
being 1n the closing transition state or the running transition
state 1s relatively short, 1n the step 340, the estimating module
120 determines whether the 1nitial state 1s the running state or
the closing state. FIG. 4 1s a tlowchart 1llustrating a method
for determining the 1nitial state according to an embodiment
of the present invention. First, in step 410, the estimating
module 120 calculates a reference average and a reference
standard deviation according to the reference temperatures
newly detected by the first sensor device.
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Next, 1n step 420, the estimating module 120 determines
whether the reference average 1s greater than the temperature
high standard. If the reference average 1s greater than the
temperature high standard, in step 430, the estimating module
120 determines that the maitial state 1s the closing state when
the temperature high standard 1s equal to the closing tempera-
ture average, and determines that the initial state 1s the run-
ning state when the temperature high standard 1s equal to the
running temperature average.

I1 the reference average 1s not greater than the temperature
high standard, in step 440, the estimating module 120 deter-
mines whether the reference average 1s less than or equal to
the temperature low standard, and if the reference average 1s
less than or equal to the temperature low standard, 1n step 450,
the estimating module 120 determines that the 1mitial state 1s
the running state when the temperature low standard 1s equal
to the running temperature average, and determines that the
initial state i1s the closing state when the temperature low
standard 1s equal to the closing temperature average.

If the reference average 1s between the temperature high
standard and the temperature low standard, in step 460, the
estimating module 120 determines that the 1nitial state 1s the
closing state when the reference standard deviation 1s closed
to the closing temperature standard deviation, and determines
that the mitial state 1s the running state when the reference
standard deviation 1s closed to the runming temperature stan-
dard deviation. For example, the estimating module 120 can
calculate a difference between the reference standard devia-
tion and the closing temperature standard deviation, and a
difference between the reference standard deviation and the
running temperature standard deviation, so as to determine
the one that the reference standard deviation 1s closed to.

After the mitial state 1s determined, the estimating module
120 determines the current state of the air conditioner accord-
ing to a state machine principle. FIG. 5 1s a state transfer
diagram of the current state according to an embodiment of
the present invention. Before the current state 1s determined,
the estimating module 120 first calculates a reference varia-
tion rate according to the reference temperatures, and defines
a first condition that the reference variation rate 1s greater than
the first temperature variation rate and the first temperature
variation rate 1s greater than O, and further defines a second
condition that the reference variation rate 1s greater than the
second temperature variation rate and the second temperature
variation rate 1s greater than O.

As shown 1n FIG. 5, when the 1nitial state or the current
state 15 a running state 510, the estimating module 120 deter-
mines whether the first condition 1s satisfied. I the first con-
dition 1s not satisfied, the estimating module 120 determines
that the current state 1s maintained to the running state 510.
However, if the first condition 1s satisfied, the estimating
module 120 determines that the current state enters a closing,
transition state 530 from the running state 510.

When the 1nitial state or the current state 1s a closing state
520, the estimating module 120 determines whether the sec-
ond condition 1s satisfied. If the second condition 1s not sat-
1sfied, the estimating module 120 determines that the current
state 1s maintained to the closing state 520. However, 1f the
second condition 1s satisfied, the estimating module 120
determines that the current state enters a running transition
state 540 from the closing state 520.

When the current state 1s the closing transition state 330,
the estimating module 120 determines whether the first con-
dition 1s satisfied. It the first condition 1s satisfied, the esti-
mating module 120 determines that the current state 1s main-
tamned to the closing transition state 330, and 11 the first
condition 1s not satisfied, the estimating module 120 deter-
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mines that the current state enters the closing state 520 from
the closing transition state 530.

Moreover, when the current state 1s the running transition
state 540, the estimating module 120 determines whether the
second condition 1s satisfied. If the second condition 1s satis-
fied, the estimating module 120 determines that the current
state 1s maintained to the running transition state 540, and 11
the second condition 1s not satisfied, the estimating module
120 determines that the current state enters the running state
510 from the running transition state 540.

According to the state transfer diagram of FIG. 3, after the
estimating module 120 obtains the reference temperatures
newly detected by the first sensor device, the estimating mod-
ule 120 can determine whether the state of the air conditioner
1s changed and the state that the air conditioner 1s changed to
according to the state of the air conditioner and whether the
first condition or the second condition 1s satisfied.

Next, 1 step 350 of FIG. 3, the estimating module 120
selects a most suitable temperature transformation function
from the temperature transformation functions established by
the learning module 110 according to the current state of the
air conditioner. In the present embodiment, the estimating
module 120 selects the temperature transformation function
corresponding to the current state according to the corre-
sponding relationships respectively between the temperature
transformation functions and the running state, the closing
state, the closing transition state and the running transition
state.

Finally, 1n step 360, the estimating module 120 estimates
the current temperature of the test point according to the
selected temperature transformation function and the refer-
ence temperatures. For example, the estimating module 120
iputs a latest reference temperature of the reference tem-
peratures to the selected temperature transformation func-
tion, so as to achieve a purpose of estimating the current
temperature of the test point according to the temperature
detected by the first sensor device. In another embodiment,
the temperature transiformation functions established by the
learning module 110 are table data. Therefore, the estimating
module 120 can obtain a value corresponding to the latest
reference temperature from the table to serve as the current
temperature of the test point according to a table lookup
method.

It should be noticed that in the present embodiment, though
the air conditioner 1s assumed to be the air-cooling device,
when a heater or another type of the air conditioner 1s
deployed 1n the space, the temperature estimating apparatus
100 can also estimate the temperature of the test point accord-
ing to the same or similar method of the present embodiment.

The present invention further provides a computer program
product for executing the aforementioned method for esti-
mating temperature. The computer program product com-
prises a plurality of program instructions (for example, a
setting program 1nstruction and a deployment program
instruction, etc). These program instructions can be loaded
into a computer system and executed by the same to complete
foregoing steps 1n the method for estimating temperature, so
that the computer system can act as a temperature estimating
apparatus.

In summary, according to the present invention, in a learn-
ing stage, a plurality of the state parameters and a plurality of
the temperature transformation functions corresponding to
various states of the air conditioner are defined according to
the reading values of the two sensor devices deployed on the
ceiling and the test point. Then, 1n case that the sensor device
deployed at the test point 1s removed, after the current state of
the air conditioner 1s determined, the current temperature of
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the test point can be estimated according to the reading value
of the sensor device deployed on the ceiling. Therefore,
regarding a position in the space that 1s unsuitable for deploy-
ing a sensor device, a temperature thereol can also be esti-
mated according to a reading value of a sensor device
deployed at another place.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this mvention provided they fall within the scope of the
tollowing claims and their equivalents.

What 1s claimed 1s:
1. A method for estimating a temperature of a test point in
a space with air conditioning, the method comprising:

deploying a first sensor device and a second sensor device
in the space, wherein the second sensor device 1s
deployed at the test point;

calculating a plurality of state parameters and establishing
a plurality of temperature transformation formulas
according to a plurality of temperatures detected by the
first and the second sensor devices and states of an air
conditioner during a predetermined time period,
wherein the temperature {transformation formulas
respectively corresponds to one of said states of the air
conditioner;

removing the second sensor device;

determiming a current state of the air conditioner according
to a plurality of reference temperatures newly detected
by the first sensor device and the state parameters,
wherein the current state 1s one of said states of the air

conditioner;
selecting a temperature transformation formula corre-

sponding to the current state from the temperature trans-

formation formulas; and

estimating a current temperature of the test point by using,
the selected temperature transtormation formula and the
reference temperatures.
2. The method for estimating the temperature as claimed 1n
claim 1, wherein said states of the air conditioner include a
running state and a closing state,
wherein the step of calculating the state parameters accord-
ing to the temperatures detected by the first and the
second sensor devices and the state of the air conditioner
during the predetermined time period comprises:

obtaining temperatures detected at the running state from
the temperatures detected by the first and the second
sensor devices, so as to calculate a running temperature
average and a running temperature standard deviation;

obtaining temperatures detected at the closing state from
the temperatures detected by the first and the second
sensor devices, so as to calculate a closing temperature
average and a closing temperature standard deviation;

defining one of the running temperature average and the
closing temperature average as a temperature high stan-
dard;

defining another one of the running temperature average

and the closing temperature average as a temperature
low standard; and

taking the running temperature standard deviation, the

closing temperature standard deviation, the temperature
high standard and the temperature low standard as four
of the state parameters.
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3. The method for estimating the temperature as claimed in
claim 2, wherein said states of the air conditioner further
include a running transition state and a closing transition
state,
wherein the step of calculating the state parameters accord-
ing to the temperatures detected by the first and the
second sensor devices and the state of the air conditioner
during the predetermined time period further comprises:

obtaining temperatures detected at the closing transition
state from the temperatures detected by the first and the
second sensor devices, so as to calculate a first tempera-
ture variation rate;

obtaining temperatures detected at the runming transition

state from the temperatures detected by the first and the
second sensor devices, so as to calculate a second tem-
perature variation rate; and

taking the first temperature variation rate and the second

temperature variation rate as two of the state parameters.

4. The method for estimating the temperature as claimed in
claim 3, wherein the step of establishing the temperature
transformation formulas according to the temperatures
detected by the first and the second sensor devices and the
state of the air conditioner during the predetermined time
period comprises:

defiming a function model of the temperature transforma-

tion formulas;

setting corresponding relationships respectively between

the temperature transformation formulas and the run-
ning state, the closing state, the closing transition state
and the running transition state;

obtaining the temperatures detected at the running state

from the temperatures detected by the first and the sec-
ond sensor devices, and inputting the temperatures
detected at the running state to the function model to
establish the temperature transformation formula corre-
sponding to the running state;

obtaining the temperatures detected at the closing state

from the temperatures detected by the first and the sec-
ond sensor devices, and inputting the temperatures
detected at the closing state to the function model to
establish the temperature transformation formula corre-
sponding to the closing state;

obtaining the temperatures detected at the closing transi-

tion state from the temperatures detected by the first and
the second sensor devices, and mputting the tempera-
tures detected at the closing transition state to the func-
tion model to establish the temperature transformation
formulas corresponding to the closing transition state;
and

obtaining the temperatures detected at the running transi-

tion state from the temperatures detected by the first and
the second sensor devices, and nputting the tempera-
tures detected at the running transition state to the func-
tion model to establish the temperature transformation
formulas corresponding to the running transition state.

5. The method for estimating the temperature as claimed in
claim 3, wherein the step of determining the current state of
the air conditioner according to the reference temperatures
newly detected by the first sensor device and the state param-
eters comprises:

determining an 1nitial state according to the reference tem-

peratures, the temperature high standard, the tempera-
ture low standard, the running temperature standard
deviation and the closing temperature standard devia-
tion; and
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determiming the current state according to the 1nitial state,
the reference temperatures, the first temperature varia-
tion rate and the second temperature variation rate.
6. The method for estimating the temperature as claimed in
claim 5, wherein the step of determining the initial state
according to the reference temperatures, the temperature high
standard, the temperature low standard, the running tempera-
ture standard deviation and the closing temperature standard
deviation comprises:
calculating a reference average and a reference standard
deviation according to the reference temperatures;

determiming the 1nitial state to be the closing state when the
temperature high standard i1s equal to the closing tem-
perature average, and determining the initial state to be
the running state when the temperature high standard 1s
equal to the running temperature average if the reference
average 1s greater than the temperature high standard;

determining the 1initial state to be the running state when the
temperature low standard 1s equal to the running tem-
perature average, and determining the initial state to be
the closing state when the temperature low standard 1s
equal to the closing temperature average 11 the reference
average 1s less than or equal to the temperature low
standard; and

determiming the 1nitial state to be the closing state when the

reference standard deviation 1s closed to the closing
temperature standard deviation, and determining the 1ni-
tial state to be the running state when the reference
standard deviation 1s closed to the running temperature
standard deviation if the reference average 1s between
the temperature high standard and the temperature low
standard.

7. The method for estimating the temperature as claimed 1n
claim 35, wherein before the step of determining the current
state according to the 1nitial state, the reference temperatures,
the first temperature variation rate and the second temperature
variation rate, the method further comprises:

calculating a reference variation rate according to the ret-

erence temperatures:

defining a first condition that the reference variation rate 1s

greater than the first temperature variation rate and the
first temperature variation rate 1s greater than 0; and
defining a second condition that the reference variation rate
1s greater than the second temperature variation rate and
the second temperature variation rate 1s greater than O.

8. The method for estimating the temperature as claimed 1n
claim 7, wherein the step of determiming the current state
according to the 1nitial state, the reference temperatures, the
first temperature variation rate and the second temperature
variation rate further comprises:

determining whether the first condition 1s satisfied when

the 1nitial state or the current state 1s the running state,
and determining the current state to be maintained to the
running state 1f the first condition 1s not satisfied, and
determining that the current state enters the closing tran-
sition state 1f the first condition 1s satisfied;
determiming whether the second condition 1s satisfied when
the mitial state or the current state 1s the closing state,
and determining the current state to be maintained to the
closing state 11 the second condition 1s not satisfied, and
determining that the current state enters the running
transition state 1f the second condition 1s satisfied;
determining whether the first condition 1s satisfied when
the current state 1s the closing transition state, and deter-
mining the current state to be maintained to the closing
transition state 1f the first condition 1s satisfied, and
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determining that the current state enters the closing state
if the first condition 1s not satisfied; and

determining whether the second condition 1s satisfied when
the current state 1s the running transition state, and deter-
mining the current state to be maintained to the runming
transition state 1t the second condition 1s satisfied, and
determining that the current state enters the running state
if the second condition 1s not satisfied.

9. The method for estimating the temperature as claimed in
claim 3, wherein the step of selecting one of the temperature
transformation formulas according to the current state com-
Prises:

selecting the temperature transformation formula corre-
sponding to the current state according to the corre-
sponding relationships respectively between the tem-
perature transformation formulas and the running state,
the closing state, the closing transition state and the
running transition state.

10. The method for estimating the temperature as claimed
in claim 1, wherein the step of estimating the current tem-
perature of the test point according to the selected tempera-
ture transformation formula and the reference temperatures
COmMprises:

inputting a latest reference temperature of the reference
temperatures to the selected temperature transformation
formula to obtain the current temperature.

11. The method for estimating the temperature as claimed
in claim 1, wherein the second sensor device comprises one or
a plurality of sensors.

12. A temperature estimating apparatus, comprising:

a processor chip;

a memory storing a plurality of program instructions,
wherein the processor performs the program instruc-
tions to:

calculate a plurality of state parameters and establishing a
plurality of temperature transformation formulas
according to a plurality of temperatures detected by a
first and a second sensor devices deployed in a space and
states of an air conditioner during a predetermined time
period, wherein the second sensor device 1s deployed at
a test point 1n the space; and

determine a current state of the air conditioner according to
a plurality of reference temperatures newly detected by
the first sensor device and the state parameters, select a
temperature transformation formula corresponding to
the current state from the temperature transformation
formulas, and estimate a current temperature of the test
point according to the selected temperature transforma-
tion formula and the reference temperatures, wherein
the current state 1s one of said states of the air condi-
tioner.

13. The temperature estimating apparatus as claimed 1n

claim 12,

wherein said states of the air conditioner include a running
state and a closing state,

wherein the step of calculating the state parameters accord-
ing to the temperatures detected by the first and the
second sensor devices and the state of the air conditioner
during the predetermined time period comprises:

obtaining temperatures detected at the running state from
the temperatures detected by the first and the second
sensor devices, so as to calculate a running temperature
average and a running temperature standard deviation;

obtaining temperatures detected at the closing state from
the temperatures detected by the first and the second
sensor devices, so as to calculate a closing temperature
average and a closing temperature standard deviation;
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defining one of the running temperature average and the
closing temperature average as a temperature high stan-
dard;

defining another one of the running temperature average
and the closing temperature average as a temperature
low standard; and

taking the running temperature standard deviation, the
closing temperature standard deviation, the temperature
high standard and the temperature low standard as four
of the state parameters.

14. The temperature estimating apparatus as claimed in

claim 13,

wherein said states of the air conditioner further include a
running transition state and a closing transition state,

wherein the step of calculating the state parameters accord-
ing to the temperatures detected by the first and the
second sensor devices and the state of the air conditioner
during the predetermined time period further comprises:

obtaining temperatures detected at the closing transition
state from the temperatures detected by the first and the
second sensor devices, so as to calculate a first tempera-
ture variation rate;

obtaining temperatures detected at the running transition
state from the temperatures detected by the first and the
second sensor devices, so as to calculate a second tem-
perature variation rate; and

taking the first temperature variation rate and the second
temperature variation rate as two of the state parameters.

15. The temperature estimating apparatus as claimed in

claim 14,

wherein the step of establishing the temperature transior-
mation formulas according to the temperatures detected
by the first and the second sensor devices and the state of
the air conditioner during the predetermined time period
COMpPrises:

defining a function model of the temperature transforma-
tion formulas;

setting corresponding relationships respectively between
the temperature transformation formulas and the run-
ning state, the closing state, the closing transition state
and the running transition state;

obtaining the temperatures detected at the running state
from the temperatures detected by the first and the sec-
ond sensor devices, and inputting the temperatures
detected at the runming state to the function model to
establish the temperature transformation formula corre-
sponding to the running state;

obtaining the temperatures detected at the closing state
from the temperatures detected by the first and the sec-
ond sensor devices, and inputting the temperatures
detected at the closing state to the function model to
establish the temperature transformation formula corre-
sponding to the closing state;

obtaining the temperatures detected at the closing transi-
tion state from the temperatures detected by the first and
the second sensor devices, and mnputting the tempera-
tures detected at the closing transition state to the func-
tion model to establish the temperature transformation
formulas corresponding to the closing transition state;
and

obtaining the temperatures detected at the running transi-
tion state from the temperatures detected by the first and
the second sensor devices, and mputting the tempera-
tures detected at the running transition state to the func-
tion model to establish the temperature transformation
formulas corresponding to the running transition state.
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16. The temperature estimating apparatus as claimed 1n
claim 14,
wherein the step of determiming the current state of the air
conditioner according to the reference temperatures
newly detected by the first sensor device and the state
parameters comprises:
determining an 1nitial state according to the reference tem-
peratures, the temperature high standard, the tempera-
ture low standard, the running temperature standard
deviation and the closing temperature standard devia-
tion; and
determining the current state according to the initial state,
the reference temperatures, the first temperature varia-
tion rate and the second temperature variation rate.
17. The temperature estimating apparatus as claimed 1n
claim 16,
wherein the step of determining the initial state according
to the reference temperatures, the temperature high stan-
dard, the temperature low standard, the running tem-
perature standard deviation and the closing temperature
standard deviation comprises:
calculating a reference average and a reference standard
deviation according to the reference temperatures;
determining the mnitial state to be the closing state when the
temperature high standard 1s equal to the closing tem-
perature average, and determining the initial state to be
the running state when the temperature high standard 1s
equal to the running temperature average 11 the reference
average 1s greater than the temperature high standard;
determining the 1nitial state to be the running state when the
temperature low standard 1s equal to the running tem-
perature average, and determining the iitial state to be
the closing state when the temperature low standard 1s
equal to the closing temperature average 11 the reference
average 1s less than or equal to the temperature low
standard; and
determining the nitial state to be the closing state when the
reference standard deviation 1s closed to the closing
temperature standard deviation, and determining the 1ni-
tial state to be the running state when the reference
standard deviation 1s closed to the running temperature
standard deviation 11 the reference average 1s between
the temperature high standard and the temperature low
standard.
18. The temperature estimating apparatus as claimed 1n
claim 16,
wherein before the step of determiming the current state
according to the 1nitial state, the reference temperatures,
the first temperature variation rate and the second tem-
perature variation rate, the method further comprises:
calculating a reference variation rate according to the ref-
erence temperatures;
defiming a first condition that the reference variation rate 1s

greater than the first temperature variation rate and the
first temperature variation rate 1s greater than 0; and
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defining a second condition that the reference variation rate
1s greater than the second temperature variation rate and
the second temperature variation rate 1s greater than O.

19. The temperature estimating apparatus as claimed in

claim 18,

wherein the step of determining the current state according
to the initial state, the reference temperatures, the first
temperature variation rate and the second temperature

variation rate further comprises:
determiming whether the first condition is satisfied when

the 1nitial state or the current state 1s the running state,
and determining the current state to be maintained to the
running state 1f the first condition 1s not satisfied, and
determining that the current state enters the closing tran-
sition state 1f the first condition 1s satisfied;
determining whether the second condition 1s satisfied when
the mitial state or the current state 1s the closing state,
and determining the current state to be maintained to the
closing state 11 the second condition 1s not satisfied, and
determining that the current state enters the running
transition state 11 the second condition 1s satisfied:
determining whether the first condition 1s satisfied when
the current state 1s the closing transition state, and deter-
mining the current state to be maintained to the closing
transition state 1f the first condition 1s satisfied, and
determining that the current state enters the closing state
if the first condition 1s not satisfied; and
determiming whether the second condition 1s satisfied when
the current state 1s the running transition state, and deter-
mining the current state to be maintained to the running
transition state 1f the second condition 1s satisfied, and
determining that the current state enters the running state
i the second condition 1s not satisfied.
20. The temperature estimating apparatus as claimed 1n
claim 14,
wherein the step of selecting one of the temperature trans-
formation formulas according to the current state com-
Prises:
selecting the temperature transformation formula corre-
sponding to the current state according to the corre-
sponding relationships respectively between the tem-
perature transformation formulas and the running state,
the closing state, the closing transition state and the
running transition state.
21. The temperature estimating apparatus as claimed 1n
claim 12,
wherein the step of estimating the current temperature of
the test point according to the selected temperature
transformation formula and the reference temperatures
COMpPrises:
inputting a latest reference temperature of the reference
temperatures to the selected temperature transformation
formula to obtain the current temperature.
22. The temperature estimating apparatus as claimed 1n
claim 12, wherein the second sensor device includes one or a

55 plurality of sensors.
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